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Abstract: Protein kinases catalyze the phosphorylation of serine/threonine or tyrosine residues, which
may directly alter a protein’s functional properties. Kinases can also regulate protein functions indirectly,
for example, by controlling the composition and/or subcellular localization of members of multiprotein
complexes that associate with the regulated protein. In this issue of the JCI, two separate studies by
Weinman et al. and Yang et al. examine the second of these two modes of kinase-mediated regulation
and demonstrate the effects of kinases on two Na(+)-driven renal cotransporters (see the related articles
beginning on pages 3403 and 3412). Their results reveal important implications for phosphate and salt
homeostasis, respectively.
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ed  to phosphorylate  these  transporters 
directly (3, 6–8).























































Npt2a regulation by kinases and 
protein networks
























































interactions. Npt2a  expression  is  only 
minimally  impacted  in  NHERF3-defi-
cient mice. However NHERF-1 deficiency 
is manifested by a reduced expression of 










Kinase signaling networks regulating ion transport in the kidney. Left: Regulation of the PT cell Na+-Pi cotransporter Npt2a by PTH, via apical 
and basolateral PTH receptors. As reported in this issue by Weinman et al. (1), phosphorylation at Ser77 of NHERF-1 results in a dissociation 
of Npt2a from NHERF-1, consequent Npt2a internalization, and an increased excretion of phosphate in the urine. Right: DCT cells express the 
Na+-Cl– cotransporter NCC, which is inhibited by thiazides. The study by Yang et al. (2) in this issue of the JCI reports that WNK3, a member of the 
WNK kinase family, interacts with WNK1 and WNK4 to regulate the phosphorylation and activity of NCC. WNK kinases are regulated by stimuli 
such as changes in aldosterone or extracellular potassium levels. Dotted arrows indicate that the nature of interaction between kinases (direct or 
indirect) is not known to date. KS-WNK1, kidney-specific WNK1.
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that  in  renal  PT,  PKA  and  PKC  phos-
phorylate NHERF-1 on Ser77, a residue 
located  within  the  first  PDZ  domain 






the  PTH-induced  dissociation  of  the 
NHERF-1/Npt2a complex, allowing for 
the retrieval of the Npt2a cotransport-







nal  could be  a  conformational  change 
within the PDZ1 domain of NHERF-1. 

















NCC regulation by kinase networks
NCC activity is directly associated with 




ronism type  II) offers  insights  into the 
regulation of NCC and blood pressure. 






and WNK4  (21).  Four members  of  the 
WNK kinase family are known in humans, 
and several studies in the past years have 
uncovered  an  important  role  for  these 
kinases  in  the  regulation  of  epithelial 














































is  influenced by  factors  such a dietary 



















The  studies by Weinman et  al.  (1)  and 
Yang  et  al.  (2)  described  here  provide 
compelling  evidence  for  the  emerging 
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Macrophages feel their age  
in macular degeneration
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are  the  clinical  forms  known  as  AMD. 







Macrophages  have  been  shown  to  have 
both pro- and antiangiogenic effects fol-
lowing tissue injury in the eye, which sug-
gests that their activity is carefully regu-
lated in a complex manner, likely by local 
cytokines: on one hand, it has for instance 
been shown that macrophages are essential 
for removal of the hyaloid vessels; on the 
other hand, macrophages are necessary to 
Nonstandard	abbreviations	used: AMD, age-related 
macular degeneration; FasL, Fas ligand.
Conflict	of	interest: The authors have declared that no 
conflict of interest exists.
Citation	for	this	article: J. Clin. Invest. 117:3182–3184 
(2007). doi:10.1172/JCI34070.
